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Objective: To build the rabbit model of VX2 hepatic carcinoma, examine the tumor
body using the ultrasonic contrast and study the correlation between the blood circulation
grading and angiogenesis.
Methods: The VX2 tumor strain was prepared in the lateral muscle of the hind legs of 40
male New Zealand rabbits (which were purchased from Nanjing Senbao Biotech Co.,
Ltd.). The tumor block was embedded in the center of left liver lobe directly to build the
rabbit model of VX2 hepatic carcinoma. The ultrasonic contrast was performed 14 d after
implanting the tumor body. The semi-quantitative classiﬁcation (0–IV level) was taken
according to the blood ﬂow of tumor vessel. Animals were executed using the air em-
bolism method. The liver was separated to extract RNA and total protein respectively.
The real-time PCR and western blotting method were employed to detect the expression
of angiogenesis-related factors of VEGF, bFGF and TNF-a, while the ultrasonic contrast
to detect the correlation with blood circulation grading. The Pearson product moment
correlation coefﬁcient was used to measure the linear relationship between these two
variables and analyze the correlation between the blood circulation grading and angio-
genesis using the ultrasonic contrast.
Results: Thirty-three rabbits had the successful model of VX2 hepatic carcinoma. The
blood circulation grading by ultrasonic contrast was: 2 cases at level 0 (6.60%), 5 cases at
level I (16.7%), 12 cases at level II (40.0%), 6 cases at level III (20.0%) (local dense or
clustered blood ﬂow) and 5 cases at level IV (16.7%). The results showed that there was
positive correlation between three angiogenesis-related factors and the blood circulation
grading. The correlation coefﬁcient between three angiogenesis-related factors and the
blood circulation grading was over 0.9, which indicated the relatively high correlation.
Conclusions: The ultrasound blood circulation grading for the hepatic carcinoma can
clearly reﬂect the changes of blood vessel, which will be of critical signiﬁcance for the
early diagnosis of hepatic carcinoma and clinical evaluation of angiogenesis indicators.1. Introduction
The hepatic carcinoma is one of common malignant tumors,
but its exact molecular mechanism has not been clear yet.Because of the insidious clinical symptoms, patients were al-
ways diagnosed at the middle and advanced stage, with
extremely poor prognosis [1,2]. Accordingly, the research on the
pathogenesis of hepatic carcinoma will be of clinical
signiﬁcance to promote the early diagnosis and estimation of
prognosis. For the pathogenesis of primary hepatic carcinoma,
the current ﬁndings regarded it as the complicated process
involving many factors and many procedures, as the result of
genetic and environmental factors [3]. The growth and
metastasis of hepatic carcinoma cells are closely related to the
angiogenesis of tumor. The new blood vessel and inhibitory
factor are involved in the regulation of angiogenic switch ofrticle under the CC BY-NC-ND license (http://
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unique properties, which are the major positive regulators in
the angiogenesis of tumor. The vascular endothelial growth
factor (VEGF) and basic ﬁbroblast growth factor (bFGF) were
regarded as two important pro-angiogenic factors [4,5], which
could reﬂect the quantitative indicators of angiogenesis, while
its expression was closely related to the prognosis of tumor.
The ultrasonic contrast is also known as the acoustic contrast,
as the new technique applied in the clinical practice in recent
years. By injecting the contrast agent, it was capable to
dynamically and clearly show the micro-vessels. Especially, the
new imaging technique for the blood vessel of tumor could
signiﬁcantly improve the differentiation, sensibility and speci-
ﬁcity of ultrasound diagnosis [6,7]. As some kind of functional
imaging technique, the ultrasonic contrast possesses many
advantages that the normal ultrasonography does not have. In
the present clinical practice, such technique is mainly applied
in the diagnosis of hepatic lesions. According to the time after
the injection of contrast agent, the imaging of liver can be
divided into the arterial phase, portal phase and late phase.
Besides, the speciﬁc diagnosis is performed on the lesions
according to the mode of entry and exit of contrast agent in
the lesions during the different phases, namely the different
speed, mode and strength.
In this study, the ultrasonic contrast technique was employed
to detect the patterns of blood ﬂow in the tumor. Besides, the
real-time PCR and western blotting were employed to detect the
correlation between the expression of angiogenesis-related fac-
tors of VEGF, bFGF and tumor necrosis factor alpha (TNF-a)
and the blood circulation grading measured by the ultrasonic
contrast.
2. Materials and methods
2.1. Materials
2.1.1. Laboratory animals and cells
Forty male New Zealand rabbits with the weight of
(2.5 ± 0.5) kg and age of (4–5) months were purchased from
Shanghai SLAC Laboratory Animal Co., Ltd. All laboratory
animals were given the standard diet and clean water freely
during the experiment. The ventilation was good in the feeding
room, with the natural lighting day and night. The culture
temperature was maintained at (18–25) C.
The rabbit's anaplastic squamous VX2 carcinoma cell lines
were purchased from Shanghai Biochemical Reagent Fusheng
Co., Ltd. and stored in the liquid nitrogen in this laboratory.
2.1.2. Main reagents and instruments
The ultrasonic contrast agent was purchased from Bracco-
SonoVue; the protein extraction-RIPA lysis buffer from
Wuhan Boster Biological Technology, Ltd. (AR0105); RNA
extraction kit from Bioteke (RP55011); the reverse transcription
kit cDNA Synthesis from HiScript (R111-01); real-time ﬂuo-
rescent quantitative PCR from Bio-Rad (172-5264); VEGF
monoclonal antibody from Santa Cruz Biotechnology (sc-
48835); bFGF monoclonal antibody from Santa Cruz Biotech-
nology (136255), TNF-a monoclonal antibody from Santa Cruz
Biotechnology (374186); GAPDH monoclonal antibody from
Santa Cruz Biotechnology (365062); horseradish peroxidase-
labeled secondary antibody from Beijing Zhongshan JinqiaoBiotechnology; PVDF ﬁlm from Millipore (0.2 mm); and ECL
Chemiluminescent Substrate Reagent Kit from Life Technolo-
gies (America, item No. WP20005).
DNA/RNA analyzer was Bio-Rad ChemiDoc™ XRS+; CO2
cell culture incubator was Thermo Scientiﬁc Series 8000; the
ﬂuorescent quantitative PCR system was Lightcycler480II; and
the color Doppler ultrasonic diagnostic apparatus was Siemens
S2000.
2.2. Methods
2.2.1. Building of animal model
VX2 cells were taken out from the liquid nitrogen for the
resuscitation and subculture. The cell suspension was then pre-
pared (the cell concentration was adjusted to about 107 pieces/
mL). The precooled cell suspension was taken by 2 mL to be
injected into the lateral muscle of the rabbit's hind legs. After
14 d, the ophthalmic scissors were used to scissor the peripheral
tissue of tumor and PBS suspension. Rabbits were anesthetized
using 30 mg/kg sodium pentobarbital and then ﬁxed at the prone
position. The rabbits' skin and subcutaneous tissue were sepa-
rated to expose the lower edge of the left liver lobe. The
ophthalmic scissors were used to scissor the small incision about
3 mm long at the position with the thick tissue. The prepared
tumor block was then implanted in the tissue. The incision was
stuffed with the gelatin sponge. After the hemostasis by
compression, 400 000 units of antibiotic were injected into the
muscle [10,11].
2.2.2. Ultrasonic contrast
The ultrasonic probe 9L4 (Siemens) was adopted to observe
and record the size of liver tumor and the inside and edge of
lesion. After the two dimensional Doppler ﬂow imaging, then
the two dimensional ultrasonic contrast imaging was performed.
Five mL 0.9% NaCl solution was added in SonoVue lyophilized
powder and it was then shaken hard to prepare the sulfur
hexaﬂuoride microbubble suspension. The contrast agent
(phospholipid microencapsulation of sulfur hexaﬂuoride) was
injected in the auricular vein with the dose of 0.15 mL/kg, which
was then washed with 1.5 mL 0.9% NaCl. The signaling process
of blood ﬂow was observed under the real-time and dynamic
gray status and the dynamic contrast images were saved. The
mechanical index was regulated to 0.15. The SonoLiverR CAP
quantitative analysis software was employed for the analysis of
parameters. The semi-quantitative classiﬁcation of blood ﬂow
(level 0–IV) were: Level 0: no signiﬁcant signal of blood ﬂow;
level I: few dotted or short line-like blood ﬂow; level II: rich
blood supply with the long line-like or branched blood ﬂow;
level III: local dense or clustered blood ﬂow; level IV: mass-like
or diffusely distributed blood ﬂow [8,9].
2.2.3. Real-time PCR [11]
The UV spectrophotometer was adopted to detect A260 and
concentration of RNA solution, using the ratio of OD260/OD280
to evaluate the purity of RNA. The total RNA was reversely
transcripted to cDNA following the instruction manual of
reverse transcription kit. The real-time PCR was employed to
detect the expression of related genes. The mRNA sequence of
E-cadherin, Vimentin, b-catenin and CyclinD1 genes could be
referred to NCBI database and then the real-time PCR primers
could be designed. All primers were synthesized by SBS
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detected, where Ct value was negatively correlated to the
starting copy number. The double△Ct method was adopted to
calculate the relative expression of target gene. The concen-
tration of primers in PCR system was (350–400) nM and
cDNA template as 150 ng. The reaction conditions included the
predenaturation at 95 C for 10 min, denaturation at 95 C for
10 s, annealing temperature was set according to the primer Tm
for 20sec and extension at 72 C for 33 s, with 40 cycles in
total.
2.2.4. Western blotting
The collected tissues were ground in the liquid nitrogen.
Samples were lysed by the protein extraction kit, with the
addition of protease inhibitor cocktail. After being put on the ice
for 30 min, the probe-type ultrasound was used to produce the
short impact with the appropriate frequency on the ice. The lysis
mixture was centrifuged at 4 C and 13 000 r/min for 20 min.
The supernatant was transferred to the new centrifuge tube.
Protein Assay Kit was employed to detect the protein
concentration.
SDS-PAGE electrophoresis was performed on protein sam-
ples. The gel was soaked in the transfer buffer for 10 min of
equilibrium. It was installed with the transfer ‘sandwich’ with
100 V and (45–60) min. After the transfer, PVDF ﬁlm was
washed with TBS for (10–15) min. The ﬁlm was placed in TBS/
T blocking buffer containing 5% (w/v) skimmed milk powder
and shaken at the room temperature for 1 h. Then the primary
antibody with the appropriate degree of dilution was added
[diluted with TBST containing 1% (w/v) skimmed milk pow-
der]. It was incubated at the room temperature for 2 h and then
the ﬁlm was washed with TBST for 3 times, (5–10) min every
time. The ﬁlm was incubated with the secondary antibody
(1:10 000, horseradish peroxidase-labeled) that was diluted with
TBST containing 0.05% (w/v) skimmed milk powder. It was
incubated at the room temperature for 1 h and then the ﬁlm was
washed with TBST for 3 times, (5–10) min every time. It was
exposed and then photographed to save the experimental results.
The experiment was repeated three times. Quantity one v4.62
was used to measure the gray value of molecular band (trace
tracking). The optical density curve could be drawn according to
the optical density of different electrophoretic bands. The area
under the curve of optical density was then calculated as the
quantitative basis of electrophoretic bands. The statistical anal-
ysis was performed as well.
2.3. Statistical analysis
The experimental data was treated with SPSS16.0. The
measurement data was expressed by mean ± SD. The t test was
employed for the comparison between groups. Pearson corre-
lation coefﬁcient of Minitab was adopted for the correlation
analysis. P < 0.05 indicated the statistical difference.
3. Results
3.1. Building of animal model
Forty laboratory rabbits were randomly divided into two
groups, with 5 rabbits in the control group and 35 ones in the
model group. Two rabbits in the model group died because ofinfection during the modeling. Thirty-three rabbits had the
successful modeling, with the success rate of 94.3%.
According to the results of two-dimensional ultrasonic testing
on the liver of rabbits, the liver of animals in the normal control
group had the regular shape, clear boundary and even optical
distribution; while the liver of animals in the model group
mainly had the round solid masses, showing the calciﬁed lesions
with the strong echo. After the ultrasonic contrast testing, the
liver tissue was taken for HE staining. Cells in the normal area of
liver tissue had the compact arrangement, with the clear
boundary to the adjacent liver lobule. For the liver in the model
group, according to the sections, the boundary of nucleus was
fuzzy, with the broken ﬁbrous tissue around.
3.2. Ultrasonic contrast analysis and blood circulation
grading
The two dimensional ultrasonic test found 30 hepatic carci-
noma lesions in 33 model rabbits, with the round or oval echo in
the left liver lobe. Where 8 lesions had the fuzzy boundary and
the mean volume of all lesions was (23.8 ± 3.3) cm3 (the volume
of tumor body V = 1/2 ab2, where was the max diameter and b
was the min diameter). The ultrasonic contrast testing detected
30 lesions in total, with the volume of (25.6 ± 2.1) cm3. All
lesions could clearly show the boundary between the tumor
nodules and the surrounding normal liver tissue. The contrast
agent (phospholipid microencapsulation of sulfur hexaﬂuoride)
was injected in the auricular vein with the dose of 0.15 mL/kg,
which was then washed with 1.5 mL 0.9% NaCl. The signaling
process of blood ﬂow was observed under the real-time and
dynamic gray status. Four seconds after injecting the contrast
agent, the whole tumor showed the high enhancement during the
arterial phase, with the dissension and low enhancement during
the portal phase, which could detect the typical contrast mode of
malignant tumor, namely ‘fast in and fast out’.
The SonoLiverR CAP quantitative analysis software was
employed for the analysis of parameters, while the motion
compensation mode for the appropriate compensation to reduce
the error. According to the results of ultrasonic contrast, there
was the signiﬁcant difference in the quantitative indices of ul-
trasonic contrast, such as the ascending slope, arrival time, time-
to-peak, peak intensity and area under curve between the hepatic
carcinoma tissue and surrounding normal liver tissue (P < 0.05)
(Table 1).
The ultrasonic contrast technique was employed to detect the
pattern of blood ﬂow and abundance of blood supply of 30 tu-
mor bodies, with the blood circulation grading of 2 cases at level
0 (no obvious signal of blood ﬂow) (0.60%), 5 cases at level I
(few dotted or short line-like blood ﬂow) (16.7%), 12 cases at
level II (rich blood supply with the long line-like or branched
blood ﬂow) (40.0%), 6 cases at level III (local dense or clustered
blood ﬂow) (20.0%) and 5 cases at level IV (mass-like or
diffusely distributed blood ﬂow) (16.7%).
3.3. Expression of angiogenesis-related factors
3.3.1. Expression of related genes detected by real-time
PCR
The grouping was done according to the blood circulation
grading of ultrasonic contrast, while real-time PCR was
employed to detect the expression of related genes in the liver
Table 1
Comparison of quantitative indices of ultrasonic contrast between hepatic carcinoma tissue and surrounding normal liver tissue.
AS AT(s) TTP(s) PI AUC
Tumor-like lesion 4.96 ± 1.13 6.32 ± 0.09 9.26 ± 1.06 26.33 ± 2.22 189.63 ± 100.52
Surrounding tissue 0.94 ± 0.99 10.30 ± 0.66 18.39 ± 0.85 15.38 ± 0.38 165.33 ± 99.39
t 5.52 9.31 40.23 26.01 0.97
P >0.05 <0.01 <0.01 <0.01 >0.05
AS: ascending slope; AT: arrival time; TP: time-to-peak; PI: peak intensity; AUC: area under curve.
Table 4
Correlation between blood circulation grading and angiogenesis detected
by ultrasonic contrast.
Blood circulation
grading
n Relative expression of genes (Mean ± SD)
VEGF bFGF TNF-a
0 2 1.00 ± 0.11 1.00 ± 0.21 1.00 ± 0.08
I 5 1.72 ± 0.21 1.31 ± 0.16 1.35 ± 0.21
II 12 2.23 ± 0.34 1.89 ± 0.22 2.76 ± 0.33
III 6 5.74 ± 0.35 2.58 ± 0.14 2.84 ± 0.27
IV 5 8.93 ± 0.16 3.06 ± 0.11 3.19 ± 0.16
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expression as 1), the expression of angiogenesis-related factors
of VEGF, bFGF and TNF-a from level I to IV was shown in
Table 2. It could be indicated that there was the positive cor-
relation between three angiogenesis-related factors and blood
circulation grading.
3.3.2. Expression of related factors detected by western
blotting
After extracting the total protein from the tissue, the
expression of angiogenesis factors was tested at the protein
level. The western blotting assay was performed to detect the
expression of related molecules in the total protein of liver tis-
sue. Quantity one v4.62 was used to measure the gray value of
molecular band (trace tracking). The optical density curve could
be drawn according to the optical density of different electro-
phoretic bands. The area under the curve of optical density was
then calculated as the quantitative basis of electrophoretic bands
(Table 3). According to the results, the expression trend of three
angiogenesis-related factors was in accordance with the ﬁndings
of real-time PCR.
3.4. Correlation analysis
To study the correlation between the blood circulation
grading and angiogenesis using the ultrasonic contrast of hepatic
carcinoma, the relative expression of three factors at each blood
circulation grading was analyzed (real-time PCR). Besides,
Minitab15 was employed for the correlation analysis (with the
vertical axis as the blood circulation grading and horizontal axis
as the mean of relative expression), with the results shown inTable 2
Expression of related genes detected by real-time PCR (Mean ± SD).
Grading Gene
VEGF bFGF TNF-a
I 1.72 ± 0.21 1.31 ± 0.16 1.35 ± 0.21
II 2.23 ± 0.34 1.89 ± 0.22 2.76 ± 0.33
III 5.74 ± 0.35 2.58 ± 0.14 2.84 ± 0.27
IV 8.93 ± 0.16 3.06 ± 0.11 3.19 ± 0.16
Table 3
Expression and relative quantiﬁcation of related genes detected by WB
(Mean ± SD).
Grading Gene
VEGF bFGF TNF-a
0 0.73 ± 0.02 0.96 ± 0.03 0.21 ± 0.09
I 1.25 ± 0.18 0.76 ± 0.16 0.36 ± 0.18
II 1.29 ± 0.33 0.98 ± 0.21 0.41 ± 0.06
III 1.37 ± 0.22 0.89 ± 0.13 0.54 ± 0.09
IV 1.39 ± 0.16 1.09 ± 0.06 0.66 ± 0.08Table 4. The correlation coefﬁcient between three angiogenesis-
related factors and blood circulation grading was all over 0.9,
which indicated the high correlation. Especially, the expression
of bFGF was related to the grading level.
4. Discussion
The hepatic carcinoma is the third most common malignant
tumor with the mortality after gastric carcinoma and esophagus
cancer. Because of the abundant blood circulation in the liver, it
becomes the most common malignant tumor and the hepatic
carcinoma has the poor prognosis and high mortality. The
occurrence and development of tumor are always the result of
long-term accumulation of many factors. Though the ‘three-step’
for the hepatic carcinoma, namely the hepatitis-liver cirrhosis-
hepatic carcinoma, had been widely acknowledged [12], the
molecular mechanism for each process has still not been clear
yet. The animal model of diseases is the important tool for the
human being to study the malignant tumor. The implantation
model of rabbit hepatic carcinoma VX2 is characterized by the
easy building, short experimental period, high success rate and
good repeatability. Besides, because the invasion of VX2
tumor cells is similar with the primary huge hepatocellular
carcinoma of human, it is modeled as the hypervascular
tumor. As the largest laboratory animal model of hepatic
carcinoma, the rabbit model of VX2 hepatic carcinoma
has been widely applied in the studies of hepatic carcinoma
[13–15]. During the modeling, considering that the right liver
lobe of rabbit was smaller than the left one and the left
hepatic artery was relatively thick and convenient for the
operation, the tumor tissue was implanted in the left liver lobe
during the modeling of VX2 hepatic carcinoma. The previous
researches indicated that the rabbit VX2 tumor could be
implanted in the internal organs such as the subcutaneous
tissue, muscle, liver and kidney, showing the high success rate
especially for the implantation in the liver, which would thus
provide the important tool for the treatment of hepatic
carcinoma and the studies in the imaging of hepatic carcinoma.
The ultrasonic contrast is the new technique applied in the
clinical practice in recent years. By injecting the contrast agent,
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vessels. Especially, the new imaging technique for the blood
vessel of tumor could signiﬁcantly improve the differentiation,
sensibility and speciﬁcity of ultrasound diagnosis [6,7,16]. The
ultrasonic contrast technique has become the sophisticated tool
in the diagnosis and treatment of hepatic carcinoma.
Generally, the space occupying lesions would be found on the
conventional ultrasonic instrument at ﬁrst. After injecting the
ultrasonic contrast agent through the peripheral vein, it could
thus observe the enhancement of space occupying inside the
liver. Because of the difference between the characteristics of
blood supply of malignant tumor and the benign lesions, the
difference in the ultrasound enhancement could be used for
the diagnosis and differential identiﬁcation of malignant
hepatic tumor. With the great progress in the ultrasonic
contrast technique in recent years, its clinical value, especially
in the diagnosis and treatment of tumors, has aroused people's
attention. The diagnostic capacity of acoustic contrast is better
or has the same sensitivity as the helical CT at least. The
microbubble is recognized as the best contrast agent in the
human microvessel because of its strong echo reﬂection
performance, which can reﬂect the blood perfusion of organs
and also does not interfere with the hemodynamics [17–19].
The ultrasonic contrast technique was employed to detect the
pattern of blood ﬂow and abundance of blood supply of tumor
bodies, with the blood circulation grading (level 0–IV): Level 0:
no signiﬁcant signal of blood ﬂow; level I: few dotted or short
line-like blood ﬂow; level II: rich blood supply with the long
line-like or branched blood ﬂow; level III: local dense or clus-
tered blood ﬂow; level IV: mass-like or diffusely distributed
blood ﬂow. The real-time PCR and western blotting were
employed to detect the correlation between the expression of
angiogenesis-related factors of VEGF, bFGF and TNF-a and the
blood circulation grading measured by the ultrasonic contrast.
The expression of angiogenesis-related factors of VEGF,
bFGF and TNF-a from level I to IV indicated that there was the
positive correlation between three angiogenesis-related factors
and blood circulation grading. The results of testing at the pro-
tein level were in accordance with ones of real-time PCR.
Minitab15 was employed for the correlation analysis (with the
vertical axis as the blood circulation grading and horizontal axis
as the mean of relative expression). According to the results, the
data ﬁtting was good and the correlation coefﬁcient between
three angiogenesis-related factors and the blood circulation
grading was over 0.9, which indicated the relatively high cor-
relation. Especially, the expression of bFGF was highly corre-
lated with the grading.
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